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ABSTRACT 
Electron microscopic studies of the cell wall and septum of Trichophyton mentagro-
phytes hyphae showed two wall layers of which the darker part of the inner layer invagi-
nated the plasma membane to form the septum. As in Streptomycetes a triangular space 
was seen at the basis of the septum. A central pore and septal granules or Woronin 
bodies were observed in the vicinity of the pore. Pore plugs consisting of two separate 
half-ellipsoid bodies were seen in several sections. 
The hyphae of Ascomycetes and Fungi im-
perfecti are bounded by a thick wall outside the 
plasma membrane. The septa are introverted 
from the wall and the plasma membrane sepa-
rating the hyphae into individual cells, which 
communicate with each other through a central 
pore (1-13). In the present paper the cell wall 
and a septum in the hyphae of a strain of Trich-
ophyton mentagrophytes are demonstrated as 
well as electron dense bodies in and around the 
pore gap. 
MATERIAL AND METHODS 
A strain of Trichophyton mentagrophytes was 
cultivated as a plate culture on Sabouraud medium 
and kept at room temperature. After an incuba-
tion period of 7-12 days, glass pearls and sterile 
water were placed on the plate, and a suspension 
consisting of spores and hyphae was prepared by 
shaking the plate. The suspension was inoculated 
in fluid Sabouraud medium in 100 ml flasks con-
taining 10 ml substrate. After an incubation pe-
riod of 18 to 24 hours and 48 hours, the medium 
was centrifuged and the fungus mass collected. 
After washing with water, the fungus mass was 
fixed in a solution of 1 per cent lithium perman-
ganate in redestilled water for one hour at 4° C, 
or in a solution of 0.5 per cent osmic acid in ve-
rona! acetate buffer pH 7.4 for 6 hours at 4° C. 
After dehydration in graded alcohols, the fungus 
mass was embedded in Epon 812 after Juniper's 
technique (14). Ultrathin sections were cut by an 
LKB ultramicrotome and stained with a saturated 
solution of uranyl acetate in 70 per cent alcohol 
and in lead citrate (15), three minutes in each so-
lution. A Siemens electron microscope was op-
erated at 80 kV with double condensers for the 
observation. 
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OBSERVATIONS 
The cell wall was a double-layered structure 
with an outer thin electron dense layer and an 
inner thicker electron lucid layer. The lucid layer 
had a slightly fibrillar appearance, especially 
in the lithium permanganate fixed cells. The 
inner part of the lamina lucida was darker 
than the outer part and separated from the 
plasma membrane by a lucid zone (Figs. 1, 2). 
The plasma membrane appeared double and 
continuous after lithium permanganate fixation 
(Fig. 1), while after osmic acid fixation it often 
appeared discontinuous and curled with in-
vaginations containing round vesicular structures 
(Fig. 3). 
The outer dense layer of the cell wall did not 
take part in the formation of the septa, which 
often had a bowed appearance and were thinner 
than the cell wall (Figs. 1, 4). The plasma mem-
brane and the inner part of the darker layer 
of the lamina lucida as well as the lucid zone next 
to the plasma membrane were observed to con-
tinue into the septum (Figs. 1, 2). At the base of 
the septum the lamina lucida formed a more 
lucid triangle, which often protruded into the 
septum (Figs. 1, 2). In the osmic acid fixed prep-
arations the plasma membrane appeared as a 
straight double line only in the middle part of 
the septum, while in the other parts of the cell 
(Fig. 4), it appeared as a wavy or curly double 
membrane. No endoplasmic reticulum was found 
close to the plasma membrane. 
A pore was located in the center of the septum, 
which tapered slightly towards the pore (Fig. 2). 
No migration of cell components from one cell 
to another was found. On both sides of the septal 
pore, one or several electron dense corpuscles sur-
rounded by a single membrane were seen (Figs. 
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FIG. 1. Hypha of Trichophyton mentagrophytes fixed in lithium permanganate. The wall 
consists of two layers, i.e. an outer lamina densa (D) and an inner lamina lucida (L) with 
a relatively light outer and a darker inner layer (dL). At the basis of the septum a more 
lucid triangle is seen. (T). Plasma membrane PM. X 19,200 Insertion shows the double 
membrane (arrow). X 38,400 
Fro. 2. Longitudinal section through the middle of a hypha fixed in osmic acid. The wall 
shows the same structure as in Fig 1. A lucid zone is seen between the dark inner layer (dL) 
and the plasma membrane (PM). The cut surface shows the central pore (P). The plasma 
membrane (PM) shows a curly course except in the middle part of the septum, where it 
appears as straight double lines. Lining the septum, the plasma membrane continues 
through the pore. Woronin bodies (W) near the pore. X 19,200 
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FIG. 3. Hypha fixed in osmic acid. Invaginations of the plasma membrane containing 
vesicular structures, lomasomes (Lo) , are seen. X 12,160 
FIG. 4. Longitudinal section of a hypha fixed in osmic acid. The plasma membrane (PM) 
has a straight course in the middle of the septum in contrast to the curly appearance in the 
other parts of the cells. The section hits the close environment of a pore. 
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FIG. 5 A-F. The central area of the septum in hyphae fixed in osmic acid. The sections 
which are not serial sections, hit the pores at different levels. Woronin bodies are 
bounded by a single membrane. X 36,000 
FIG. 5 A and 5 B. Vicinity of a pore. Dense areas at the cytoplasmic side of the plasma 
membrane (PM) are shown. The plasma membrane appears indistinct in the center of the 
septum (arrow). 
FIG. 5 C. Close vicinity of a pore. No continuity is seen between the plasma membrane 
from one cell to another. 
Fro. 5 D. Edge of a pore. The double plasma membrane is continuous in the pore. 
FIG. 5 E and 5 F. Center of the pore. The dense half-ellipsoid bodies are separated by a 
lucid zone in the center of the pore. The cytoplasmic side of the bodies are bordered by a 
lucid zone and a dark zone without a distinct membrane. The plasma membrane is con-
tinuous around the pore gap (P) , strictly lining the septum. 
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2, 5 A-F). In osmic acid fixed cells, two half-
ellipse shaped dense bodies were repeatedly ob-
served in the very pores. When the section hit 
the center of the pore, the two bodies appeared 
separated by an electron lucid zone, but no 
distinct double membranes were seen between 
them. On the cytoplasmic side, the bodies were 
bordered by a narrow faintly lucid zone and a 
darker zone without distinct membrane struc-
tures. The plasma membrane was observed to be 
continuous from one cell to another following the 
septum (Fig. 5, E-F). In sections of the im-
mediate vicinity of a pore, dense areas were seen 
at the cytoplasmic side of the cell membrane 
which appeared indistinct (Fig. 5, A-C). In 
lithium permanganate fixed material, no definite 
ellipse-shaped structures could be found. 
DISCUSSION 
A lamina densa and a lamina lucida of the cell 
wall have previously been described in other 
dermatophytes (1, 3, 5-11). Occasionally, an in-
ner darker layer of the lamina lucida, separated 
from the plasma membrane by a lucid layer, has 
also been observed (1, 6, 7, 9). According to 
Meinhof (7), the fixation method has no influ-
ence upon the appearance of the darker layer, 
and it seems to be discernible in Trichophyton 
rubrum, Epidermophyton fioccosum and Kera-
tinomyces Ajelloi, though not in Microsporum 
gypseum. The present study reveals the presence 
of similar structures in Trichophyton mentagro-
phytes. Our findings indicate that the layers 
mentioned above are inconstant, and we can 
agree that this appearance is independent of the 
fixation method. The curly course of the plasma 
membrane was previously described in Kera-
tinomyces Ajelloi, Microsporum gypseum, and 
Trichophyton verrucosum (6, 7, 8). In this study, 
the curly appearance of the plasma membrane 
was only found in osmic acid fixed cells. Invagi-
nations of the plasma-membrane containing 
vesicular structures were described in dermato-
phytes by Meinhof (6). These invaginations 
are like the lomasomes described by Moore et al. 
(16) in Ascomycetes. 
According to Moore (12), the septum forma-
tion in the Ascomycetes starts as an invagination 
of the plasma membrane, which is followed by 
the production of new wall material in the in-
vaginated area. The invagination of the plasma 
membrane is complete, while the new wall rna-
terial stops near the center, whereafter the mem-
branes join around the pore gap. Observations 
of septum formation in the Ascomycete Ascodes-
mis sphaerospora indicate that a cylindrical sys-
tem of endoplasmic reticulum is involved in the 
formation of the septum which never seems to be 
complete (17). In Streptomycetes, the septum 
has been suggested to be formed by wall ma-
terial invaginated from the outer wall between 
the layers of the plasma membranes (12). The 
formation of the septum in this way has ex-
plained the lucid triangular space seen at the 
basis of the septum in Streptomycetes ( 18). The 
clear triangular space and its protrusion into the 
septum observed by us suggests that the septum 
formation is similar to that of the Streptomyce-
tes and do not accord with the observations on 
Ascomycetes (12, 17). The same septal struc-
tures, i.e. a triangular lucid space at the basis of 
the septum, has also been seen in Aspergillus 
niger ( 4) and in Keratinomyces Ajelloi (6). The 
observations of a central pore and a continuous 
plasma membrane from one cell to another 
around the pore gap agree with observations on 
Ascomycetes (2, 12, 17) and with ob ervations on 
Trichophyton rubrum (1), Microsporum gyp-
seum (7), Trichophyton verrucosum (8), Tri-
chophyton violaceum (9) , Microsporum au-
douini (11), and other Fungi imperfecti (19, 20). 
The electron dense round corpuscles scattered 
near the pore are named W oronin bodies or 
septum granules and have been observed in 
Ascomycetes (2) as well as in Fungi imperfecti 
(9, 11, 13). These bodies are suggested to form 
septal plugs in order to stop the plasma flow 
from one cell to another. The septal plugs have 
previously been described by Reichle and Alex-
ander (13) in Fusarium, as uniform dense bodies 
surrounded by a membrane. The plugs observed 
by Shatkin and Tatum (2) in the Ascomycete 
Neurospora crassa were composed of two bodies 
separated by two light layers and a central dark 
one. Reichle and Alexander interpreted this pic-
ture on the basis that the sections had passed 
through the edge of the pore, which appeared as 
a dark line (13). In the present study the two 
half-ellipsoid bodies (Fig. 5, E and F) indicate 
that the plug consists of two separate bodies and 
not just one incarcerated in the pore. However, 
our observations do not settle the question 
whether the half-ellipsoid bodies could be in-
volved in the pore formation or function as 
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closure material to stop the plasma flow through 
the pore. 
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